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Abstract: The current problem of automatic control and stabilization of the 
weight of cotton belts at the spinning mill is highlighted. Structural diagrams are 
given and the principle of operation of an optoelectronic device for automatic control 
and stabilization of the weight of cotton bands is described. The principle of the 
optoelectronic method for monitoring the linear density of cotton tapes is stated.  
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Introduction. The productivity of the cotton industry, as well as the quality of 
the products, is directly dependent on the quality of the yarn. Hence the 
correspondingly high requirements for spinning technology. 
The main technological parameter of the spinning production is the linear mass 
density (weight) of the cotton ribbon. The most important task is the automatic 
control and stabilization of the weight at all stages of the spinning production. 
Oscillations in weight greater than the allowable lead to an increase in breakage, that 
is, to a decrease in productivity, as well as the strength and appearance of the final 
product of the cotton industry. 
Main part. Photoelectric methods are based on the transmission of a test 
material between a light source and a photocell of any type (vacuum, photomultiplier, 
photodiode, photoresistor, etc.). When the thickness of the moving product changes, 
the current of a photocell with a linear light characteristic changes, there is a direct 
dependence of the photocurrent and the thickness of the investigated product. This 
relationship is used to measure and classify yarn defects and to determine the 
roughness of the spun product. 
The "Detexomat" device by Qualitex (Holland) consists of racks and guide rods, 
a photocell, a lamp, a control unit with an amplifier and a relay [1]. The photocell and 
the lamp are fixed at opposite ends of two parallel guides through the (slot) that the 
warp threads are passed through. The light passes through a 2x26 mm slit. All threads 
are projected into one, blocking part of the luminous flux. A signal from a defect on 
one of the yarns is sent through a relay system to stop the warping machine drive, 
after which the defect is eliminated. The sensitivity is set in advance with a special 
knob. 
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The Injmarsh device was created at the Research Institute of the Indian 
Association of Jute Mills [2]. It consists of an optical and drive unit, an electrical 
amplifier and a counter. A photocell detects unevenness and thickening in the yarn. 
Then the signal is amplified and fed to the counter. There are three degrees of 
separation of defects in thickness: 120, 150 and 175 yarn diameters. For sizing, metal 
rods are used, installed at the point of passage of the yarn. The change in voltage 
from the introduction of a bar or the introduction of the corresponding equivalent 
resistance in the photocell circuit is amplified and fed to the counter. To set the 
device to the working position, press the button and change the resistance until the 
counter stops working. Then the required sensitivity is set. The yarn pulling speed is 
36.5 m/min. 
The device, developed at the Scientific and Technical Center of the Textile 
Industry in Belgium, has a current as a light source, and changes in its cross-sectional 
area are recorded. The length of the measuring zone is approximately 3 mm. The 
range of measured thicknesses is from 10 to 100 tex. The thread pulling speed can be 
smoothly changed in the range from 10 to 100 m / min. 
 
Fig. 1. Block diagram of the optoelectronic part of the device 
EOPPP-1 TSNIHBI Systems. 
1-illuminator, 2-photo lens, 3,4-mirror, 5-lens, 6-photocell, 7-guide tube, 8-support 
photocell. 
The device consists of a power supply unit, a measurement unit and a counter, 
placed on a special mobile table. The light from the lamp 1 (Fig. 1), having passed 
through the photo lens 2, is reflected from the mirror 3, is focused, and then, 
diverging, is reflected from the second mirror 4 and is focused by the lens 5 on the 
working photocell 6. The thread passes inside the light cones, holding at the point 
convergence with special tubes 7. The area near the convergence point is the 
measurement area. To eliminate the influence of the instability of the luminous flux, 
the reference photocell 8 illuminated by the same lamp is connected to the working 
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photocell by a bridge circuit. The bridge is powered from a 10 kHz sine wave 
generator. Before starting work, the light fluxes of the photocells are compensated. 
When the luminous flux changes due to fluctuations in the thickness of the yarn, the 
illumination of the working photocell changes and, consequently, the balancing of the 
bridge. After amplification, the imbalance signal is fed to the threshold circuit, which 
detects the change in the signal as a result of the appearance of a defect. After 
conversion from the threshold circuit, the signal goes to a counter with a capacity of 
104 units. According to the readings of the microammeter, it is possible to control the 
correctness of the setting and the operation of the device. The automation system 
monitors changes in the thickness unevenness of the yarn over an extended section. 
There is an automatic stop of the engine after checking a given number of meters of 
yarn. 
The automated yarn flaw discriminator ADPP-Z, developed at TSNIHBI, is 
based on the same optical-volumetric method of measurement, however, it makes it 
possible to register three types of defects: refinement less than 60 and thickening 
more than 150 and more than 200 of the average diameter [3]. 
Numerous methods developed so far have only been carried out under 
laboratory conditions. Their bulkiness, inertia, complexity and high error allow them 
to be widely used for the automation of production processes [4]. 
In order to automate the control and regulation of the linear density of cotton 
tape, we have developed an optoelectronic device for monitoring and regulation of 
the linear density of cotton tape. A block diagram of this device is shown in the 
figure. The device contains: master oscillator - 1, electronic key - 2, emitting diode - 
3, controlled object - 4, photodetector - 5, bipolar threshold device 6, indicator of 
lower density - 7, indicator of higher density - 8, electromagnetic relay of lower 
density - 9 , electromagnetic relay of higher density - 10 and reversible motor - 11 [4-
20]. 
 
Fig. 2. Block diagram of an optoelectronic device for monitoring and regulating the 
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The device works as follows. The master generator generates rectangular pulses 
with a repetition rate f = 10 kHz, which are fed through an electronic switch to the 
emitting diode. The radiation flux of the emitting diode passes through the controlled 
object and is received by the photodetector, the photoelectric signal from the 
photodetector output is fed to the input of the bipolar threshold device, which forms a 
positive or negative pulse by the value of the photoelectric signal amplitude. 
If the density of the cotton tape is higher than the nominal, a positive pulse is 
formed at the output of the bipolar threshold device (applied to the indicator of higher 
density and the electromagnetic relay), under the influence of which the reversing 
motor rotates in one direction; if the density of the tape is lower than the nominal, the 
reversible motor rotates in the other direction. Then the cycle is repeated.  
Thus, the control and regulation of the linear density of the cotton tape is carried 
out during the technological process. 
One of the main units of the optoelectronic primary converter of the linear 
density of the cotton tape is the mechanical unit of the sensor in which the LED and 
the photodetector are installed. 
The linear density of the cotton tape is the mass per unit volume and is 




      (1) 
where: m0 is the mass of a cotton ribbon with a volume V. 
It can be seen from this that to ensure the measurement of linear density, the 
cotton tape must pass through a certain calibration volume V. Equation (1) through 




      (2) 
where lл is the length of the cotton ribbon. 
In the technological process, for the formation of a cotton tape from a cotton 
canvas, a calibration funnel is used, the structural view of which is shown in Fig. 3. 
 
Fig.3. Design view of the sizing funnel for the formation of cotton tape from cotton 
canvas. 
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If the LED and photodiode are installed directly in the calibration funnel, then 




      (3) 
where: D is the diameter of the funnel calibration channel. 
Let us assume that d is the diameter of the optical channel in which the LED and 
PD are installed. Then, if D = d and l is constant, then equation (3) will take the form: 
𝛿 = 𝐾1𝑚0      (4) 
i.e. the linear density of the cotton tape in the channel of the calibration funnel is 




 – constant magnitude 
To cover the diameter of the cotton tape with the radiation flux Ф, the distance 
between the cotton tape and the LED must be 
𝐿 = 𝐷 (
1
𝑡𝑔
+ 1)     (5) 
where: 2 - front aperture angle of the optical channel of the sensor. 
The transmitted radiation flux through the controlled object is determined 
according to the Bouguer-Lambert-Beer law as 
Ф = Ф0е
−𝐾2𝑚     (6) 
where: K2 - coefficient of attenuation of the cotton tape; 
m - is the mass of the cotton tape in the channel of the calibration funnel. 
Based on equation (4), one can write 
Ф = Ф0е
−𝐾2𝐾1𝑚     (7) 
or 
Ф = Ф0е





 – constant magnitude 
From equation (8) it can be seen that the transmitted radiation flux through the 
cotton tape is proportional to its linear density. 
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